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ABSTRACT

Objectives: To use the FT-Raman spectroscopy for evaluation the degree of polymerization of dental
composite as a result of photo curing with a new light source in comparison to the conventional halogen
light.

Materials and Methods: In this study a new light source, based on a metal-halide lamp (TOPSPOT
G12) was developed at NRC-Egypt for curing dental composites. Two groups of 108 composite samples
each were cured using both the new light source and a conventional halogen source, as a control source.
Different samples’ sizes (2x2, 3x3 and 6x3 mm?) were cured for different periods of time (2, 4, 8, 12, 20,
and 40 seconds). The spectroscopic data were analyzed statistically by ANOVA and Duncan’s multiple
range test (P<.05).

Results: The results showed that the samples cured by the new metal-halide source produced
higher polymerization rates than those cured by the halogen source. The polymerization rate was
directly proportional to the exposure time and inversely proportional to the sample size, irrespective to
the light source used. The results also showed that 12 seconds of metal-halide light curing produced
polymerization rate comparable to or even higher than that produced by 40 seconds halogen light
curing.

Conclusions: The new light source produced a satisfactory degree of polymerization in a remarkable
shorter curing time and it can be recommended for clinical use. (Eur J Dent 2007;2:72-79)

Key Words: FT-Raman spectroscopy; Degree of polymerization; Dental composite resin;
Light-curing.

INTRODUCTION

Bonding of the orthodontic attachments by us-
ing light cure adhesive has gained more popularity
in orthodontic practice today. It gives the oppor-
tunity for the operator to manipulate the bracket
position to the right position and then start the po-
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lymerization with a visible light source, usually at
450- 470 nm." The most disadvantage of light cure
system is time consuming where each bracket
needs 40 seconds for curing. Many attempts were
done in the last decade to decrease the curing
time either by introducing new light sources or en-
hancements of the conventional halogen source.
Oesterle et al? in a study of light-curing and set-
ting times, recommended using a 40 second total
light curing time (20 seconds on the mesial side
and 20 seconds on the distal side of the brackets].
Frost et al® tried to reduce the curing time by using
an elliptical light guide. They found that there was
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significant reduction in total bonding time. Anoth-
er trail was done by Bishara et al.* They tested the
standard cured light guide with an 11 mm diam-
eter and 4 mm mini turbo light guide and found
no significant differences in shear bond strength
between them. Evans et al® investigated the shear
bond strengths of orthodontic brackets by using
different light guides (Power slot and turbo tip)
and found that the light guides could significant-
ly reduce the curing times without affecting the
shear bond strength.

Many authors thought to introduce another
light source like Laser or plasma arc light and fi-
nally the micro-xenon light. Blankenau et al® com-
pared the degree of polymerization by argon laser
and conventional light-curing unit and found that
the polymerization with argon laser produced an
even greater polymerization than halogen light. In
contradict to the concept which states that Laser
may produce more heat generation, Powell et al’
stated that, at recommended curing times; in vitro
pulp-chamber temperature increases from argon
lasers were significantly lower than those of the
conventional curing lights.

Featheringham® compared 3 different visible
light curing systems; the argon laser at 4, 6, 8 and
10 seconds, plasma arc curing unit at 2, 4, 6 or 8
seconds and conventional halogen light at 40 sec-
onds. He concluded that the curing by plasma arc
at 4 seconds resulted in significantly higher mean
shear bond strength than curing with the plasma
arc at 2 seconds or the argon laser at 4 seconds,
argon at 8 seconds showed higher bond strengths
than it did at 4 seconds. Cacciafesta et al’ inves-
tigated the polymerization with micro-xenon light
of a resin-modified glass ionomer. They found no
statistically significant differences between the
bond strength of control group cured with halogen
light and those of groups cured with xenon light for
10, 5 and 2 seconds respectively. They concluded
that the micro-xenon light enabled the clinician to
reduce the curing time without affecting the shear
bond strength. Recently, Staudt et al' tested the
shear bond strength with a high-power halogen
light curing source. They concluded that the high
power halogen light seemed to be cost-effective
solution to reduce curing time to 2-3 seconds.

Laser source, plasma arc light and micro-
xenon light are very expensive and need special
equipments that may not be available in dental
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office. Therefore, introducing a new light source
capable of reducing the curing time with reason-
able economic cost is a premium goal for the den-
tal field.

It is important to evaluate the degree of polym-
erization of polymeric adhesives, since inadequate
polymerization results in inferior physico-me-
chanical properties.”'? Orefice et al" monitored
the monomer conversion of dental composites
during visible light irradiation in situ by infrared
spectroscopy and evaluated the microhardness of
the composites with different degrees of conver-
sion. They obtained a direct relationship between
microhardness and degree of monomer conver-
sion. FT- Raman spectroscopy is also one of the
methods that can be utilized to obtain structural
information for opaque materials such as enamel,
dentin and related polymeric composites.'

The main objective of this study was to use FT-
Raman spectroscopy technique to measure the de-
gree of polymerization of a dental composite resin
cured with a new light-curing source designed at
the National Research Center of Egypt.

MATERIALS AND METHODS

Metal-Halide light curing source

In this study, a new metal-halide light cur-
ing source was adopted for photo polymerization
of the dental adhesive used. This light source is
composed mainly of a metal-halide lamp for spe-
cial applications (BLV, Steinhoring, Germany). The
energy consumption of this lamp is 150W and cur-
rent 1.8A, with power density 1500 mW /cm?. The
advantages of metal-halide lamp are very high
color temperature, high color stability over the
entire life time, long life time (average life time
6000 hours) and special light spectrum as shown
in Figure 1.

A conventional halogen light source for dental
cure, power density 0.6 W/cm? (Caulk Dentsply,
Milford, DE, Canada) was used as a reference light
curing unit for comparison with the newly intro-
duced metal-halide source.

Sample preparation

Alpha-Dent (Dental Technologist Inc., Linco-
lin, IL, USA) is a composite resin-based adhesive
commercially available. It is used in this study to
evaluate the efficiency of the new metal-halide
lamp for polymerization of the composite. Three
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sizes cylindrical specimens of the composite
were prepared (2x2, 3x3 and 6x3 mm?, diameterx
height) using closed-end Teflon moulds. The open
end was filled with the uncured composite to an
excess with slight pressure (to avoid air bubbles).
The excess amount was removed with a clean dry
glass slide. Then, the specimen was light cured
by a direct contact with the light source under in-
vestigation for the following periods of time: 2, 4,
8, 12, 20 and 40 seconds. The complete hard set
specimen was released from the mould, ground
into fine powder and packed in NMR glass tube (5
mm? internal diameter) ready for FT-Raman spec-
troscopy measurements. Each specimen of a cer-
tain irradiation time was prepared three times to
obtain three Raman spectra. Processing the sam-
ples and recording their spectra occurred within
24 hours from the beginning of the light curing at
room temperature (21£1C°). Uncured composite
specimen was filled directly into the NMR glass
tube and underwent Raman analysis. This experi-
ment was repeated six times.

FT-Raman measurements

All the FT-Raman measurements were carried
out by using the Nexus 670 FTIR FT- Raman spec-
trometer (Nicolet, USA). The excitation source in
the FT-Raman module is Nd-YAG laser. This emits
continuous-wave laser energy at wave length of
1064 nm (9398 cm') and has a maximum power
level of approximately 1.5W at the sample. The
installed detector in the FT-Raman module is In-
GaAs, which is an air- cooled detector. The beam
splitter is XT-KBr. The used sample configuration
is 180° reflective with fully motorized sample posi-

Wave Length (nm)
Figure 1. Spectral distribution of the metal-halide lamp.

tion adjustment, with an NMR-tube sample hold-
er. All the FT-Raman spectra were collected in the
spectral range from 3701 to 98 cm ' and 46 scans.
The laser power was 0.7 W. The spectra were pro-
cessed using the computer program Omnic ESP,
5.2a (Nicolet, USA).

Calculation of the degree of polymerization
(DP)

The DP of the composite can be determined by
comparison of the ratio (R) of the reacting aliphatic
C=C bonds to the unreacting aromatic C=C bonds
before and after curing. The aliphatic and aromatic
C=C bonds have characteristic Raman scattering
peaks located at 1638 and 1610 cm-, respectively
as well as the infrared absorption peaks but with
higher intensities. The peak height (H) and under-
lying area (A) was calculated for each peak, using
a standard baseline technique with aid of comput-
er program provided with the spectrometer. The
ratio (R) was determined twice by means of the
peaks heights and areas for confidential results.

The percentage DP of each specimen was cal-
culated using the following equation.’™"’

DP% =(1- (R /R J) x 100

polymer monomer

Statistical analysis

The obtained data were subjected to analysis
of variance [ANOVA) according to Snedcor and Co-
chran.”® Duncan’s multiple range test was used to
compare between means of treatments according
to Walter and Duncan'’ at probability 5%.

RESULTS

The typical FT-Raman spectra recorded for the
composite before and after photoinitiation by the
metal-halide light source are shown in Figure 2.
The spectra reveals a scattering Raman peak at
1638 cm™' corresponding to the reacting aliphatic
C=C stretching of the vinyl group in the acrylates
and methacrylates.'??® The spectra show a re-
markable decrease in the intensity of this peak as
a result of the exposure to the new light source.
The scattering peak at 1610 cm ' referring to the
unreacting aromatic rings in the BIS-GMA mol-
ecule is commonly used as an internal reference
for precise quantitative analysis.’™7%

For more confidential data, the ratio of the
peaks 1638 to 1610 cm™ (R) was calculated twice,
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by means of peaks height and peaks area. Tables
1 and 2 give the mean values of the percentage de-
gree of polymerization (DP%) of the resin cured by
each light source calculated by the peaks height
and peaks area, respectively. These values are
plotted against the time of exposure in Figures 3
and 4, respectively. Both figures exhibit the same
behavioral pattern of DP% with curing time either
the composite was halogen-cured or metal-halide
cured. There is a rapid increase in the DP% with
increasing the curing time up to 12 seconds, fol-
lowed by gradual increase up to 40 seconds for
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any sample size. It could be noticed that the small-
est sample size (2x2 mm?] had always the highest
values of DP%.

The results of statistical analysis of the data
given in Tables 1 and 2 revealed that the samples
cured by the metal-halide source produced higher
polymerization rate values than those cured by
the halogen source. The polymerization rate was
directly proportional to the exposure time and in-
versely proportional to the sample size irrespec-
tive to the light source used. It could be noticed
that the polymerization rate values of the samples
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Figure 2a. Typical FT-Raman Spectrum of uncured composite
sample and 40 seconds cured sample by metal-halide source.

Figure 2b. Magnified section from the FT-Raman Spectrum of
uncured composite sample and 40 seconds- cured sample by
metal-halide source.
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Figure 3. Variations of DP% (via peaks height ratio) of the com-
posite with the curing time as a result of exposure to the metal-
halide and halogen light sources.

Figure 4. Variations of DP% (via peaks area ratio) of the com-
posite with the curing time as a result of exposure to the metal-
halide and halogen light sources.
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given in Table 2 were higher than their corre-
sponding values given in Table 1. This observa-
tion can be explained by the fact that the area of
the peak is supposed to be more representative to
the actual scattering of the peak than its height.
Therefore, we can rely on the results reported in
Table 2 conveniently. From this table, the newly in-

troduced metal-halide source produced satisfac-
tory polymerization (51.40%) of the composite in a
rather short curing time, 8 seconds. There was no
significant difference in the polymerization values
between the samples cured by the metal-halide
source for 12, 20 and 40 seconds (59.19, 59.35 and
61.68%, respectively). Results in both Tables 1 and

Table 1. The mean values of DP% (via peaks height ratio) of different sized composite samples photo-
polymerized either by metal-halide (M) or halogen (H) light sources at various periods of curing time.

2x2 (mm?) 3x3 (mm?) 6x3 (mm?)
Time M H M H M H
(seconds) DP% Test DP% Test DP% Test DP% Test DP% Test DP% Test
SD SD SD SD SD SD
2 20.87 m 14.78 o 18.26 mn 17.39 no 15.65 no 9.57 p
(5.22) (0.87) (3.48) (0.87) (1.74) (3.48)
b 30.43 jkl 29.57 kl 30.43 jkl 32.17 ijk 28.12 | 33.04 hij
(1.74) (1.74) (0.87) (1.74) (1.33) (1.74)
8 40.87 e 4087 e 42.61 e 35.65 gh 40.00 ef 34.78 ghi
(1.76) (0.87) (0.78) (0.87) (0.89) (0.87)
12 51.30 ¢ 48.70 cd 48.70 cd 38.26 ef 47.83 d 37.39 fg
(0.87) (1.74) (1.74) (3.62) (1.74) (0.89)
20 54.78 b 50.44 cd 50.43 cd 4087 e 4783 d 40.00 ef
(1.74) (1.64) (0.87) (0.87) (0.85) (1.74)
40 60.87 a 55.65 b 51.30 ¢ 42.61 e 50.43 cd 4174 e
(0.87) (1.73) (0.88) (1.74) (0.87) (0.87)

SD is the standard deviation

When two values have different letters, this means that they are statistically different numbers. If they have a common letter, this

means that there is no significant difference between their numbers.

Table 2. The mean values of DP% (via peaks area ratio) of different sized composite samples photo-po-

lymerized either by metal-halide (M) or halogen (H) light sources at various periods of curing time.

2x2 (mm?) 3x3 (mm?) 6x3 (mm?)
Time M H M H M H
(seconds) DP% Test DP% Test DP% Test DP% Test DP% Test DP% Test
SD SD SD SD SD SD
, 1153 r 22.90 o 15.89 pq 17.76 p 21.50 o 13.08 qr
(1.50) (0.47) (1.50) (1.78) (0.93) (1.50)
L 3551 m 33.02 mn 38.78 | 33.64 mn 47.66 gh 30.84 n
(0.93) (1.50) (0.47) (0.93) (1.87) (0.93)
o 51.40 f 4517  hij 49.00 gh 39.25 kl 52.34 ef 40.19 ki
(0.91) (1.56) (0.94) (1.87) (0.93) (1.87)
. 59.19 abc 51.87 f 53.92 ef 43.93 ] 55.14 de 43.93 ij
(1.50) (0.47) (1.87) (0.93) (1.87) (3.75)
20 59.35 ab 55.61 d 54.79 de 47.66 gh 57.01 bed 44.86 hij
(0.47) (1.40) (1.50) (3.74) (1.89) (1.88)
40 61.68 a 56.07 cd 55.71 d 51.40 f 57.94 bed 50.47 fg
(0.93) (3.74) (1.50) (3.74) (0.94) (1.78)

SD: is the standard deviation

When two values have different letters, this means that they are statistically different numbers. If they have a common letter, this

means that there is no significant difference between their numbers.
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2 revealed that for all sample sizes, curing with
metal-halide light for 12 seconds achieved polym-
erization rates comparable to or even higher than
that produced by 40 seconds halogen curing. This
finding is practically important since the thickness
of the adhesive under the bracket is too thin, so
12 seconds of metal-halide curing is helpful to ob-
tain enough polymerization for bonding brackets
in short time.

The overall DP value data of the resin produced
by exposure to each light source irrespective to the
exposure time (from 2 to 40 seconds) or sample
size are given in Table 3. The statistical evaluation
of the data using an independent sample (Duncan
test] demonstrated that the metal-halide source
produced a significant increase in the overall po-
lymerization in comparison with that produced by
conventional halogen light source.

DISCUSSION

Vibrational spectroscopy, such as FT-infra-
red and FT-Raman, provides key information on
the structure of molecules. The position and in-
tensity of the feature in the vibrational spectrum
can be used to study the molecular structure or
to determine the chemical identity of the sample.
The two techniques are, in fact, complementary
to each other. Vibrations that are strong in an
infrared spectrum (involving strong dipole mo-
ments) are usually weak in a Raman spectrum.
Likewise, non-polar functional group vibrations
that give very strong Raman bands usually result
in weak infrared signals. For example, OH- or NH-
stretching vibrations and the vibration of carbonyl
groups are usually very strong in an FT-IR spec-
trum and are usually weak in Raman spectrum.
However, the stretching vibrations of C=C such as
in dental composites are very strong in the Raman
spectrum.?2

The results of this investigation revealed that
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there were statistically significant differences be-
tween the degree of conversion values of metal-
halide source and halogen source. The lamp of
metal-halide source is completely different from
the halogen lamp at many aspects; the power
density of the metal-halide is 1500 mW/cm? while
for halogen light is only 600mW/cm2. The halogen
lamp has a limited effective lifetime approximately
100 hours due to degradation of the bulb’s compo-
nents by high heat generated.'22-2

The metal-halide lamp has several advantages
such as space saving design, economic due to long
lifetime (average lifetime 6000 hours), high color
stability over the entire life time, axial arc, and
ability to produce good light beam and UV protec-
tion.

According to Fujibayashi et al?” who stated that
the quality of light polymerization was not exclu-
sively due to light intensity but also due to the
narrow absorption peak of the initiator system
(camphorquinone). The absorption curve of cam-
phorquinone extends between 360 and 520 nm,
with the maximum at 465 nm.'??® For metal-ha-
lide source, most photons emitted were within the
maximum absorption curve of camphorquinone;
while the photons emitted by conventional halogen
light were around the optimal spectrum range.

According to the results of many investiga-
tions comparing new light sources reached to an
accepted degree of conversion in reduced time
as, fast halogen light 10-15 seconds, plasma arc
light 6-9 seconds and LED light 20 seconds with
the conventional halogen light 40 seconds.'?2730
They concluded that LED was the most suitable
as a good alternative to the halogen light, where
the plasma arc light were bulky and usually incor-
porated a noisy cooling fan, both plasma arc light
and fast halogen light were more expensive than
the conventional halogen light. They preferred the
LED because it was smaller, cordless and did not

Table 3. The overall degree of polymerization of the resin produced by metal-halide and conventional

halogen light sources.

Peaks Area calculations

Peaks height calculations

Light source DP% SD Test DP% SD Test
Metal-halide 44.91 14.91 a 40.60 13.30 a
Halogen 40.09 12.51 b 35.59 11.88 b

SD: standard deviation.

Different letters means statistically significant different values and a > b.
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require cooling fan and had an estimated life over
10000 hours.*

In comparison with the previously mentioned
sources, the metal-halide source is not expensive
like the plasma arc light or fast halogen light, and
it has long life period 6000 hours near LED. More-
over, it has the ability to produce higher degree
of conversion in markedly reduced curing time (12
seconds). Therefore, the new metal- halide source
can be recommended for orthodontic field since
bonding of 20 brackets needs 800 seconds with
conventional halogen light while with new source
requires only 240 seconds.

CONCLUSIONS

The new metal-halide light source produces
comparable degree of polymerization in a signifi-
cant shorter curing time and therefore can be rec-
ommended for clinical use.
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